Studies on the circulatory effects of hyperventilation have been carried out in eight cases following Caesarean section. These indicate that hyperventilation with high inflationary pressures can cause large falls in cardiac output. In a further twenty-two cases undergoing Caesarean section measurements were made of blood gases before anaesthesia and at the time of delivery. The changes in Pa C02 and pH occurring during anaesthesia have been correlated with the umbilical vein pH at the time of birth. Foetal acid-base status moved in the same direction as that of the mother. The results have been discussed in relation to the possible harmful effects on the foetus of hyperventilation during anaesthesia for operative obstetrics.
Studies on the circulatory effects of hyperventilation have been carried out in eight cases following Caesarean section. These indicate that hyperventilation with high inflationary pressures can cause large falls in cardiac output. In a further twenty-two cases undergoing Caesarean section measurements were made of blood gases before anaesthesia and at the time of delivery. The changes in Pa C02 and pH occurring during anaesthesia have been correlated with the umbilical vein pH at the time of birth. Foetal acid-base status moved in the same direction as that of the mother. The results have been discussed in relation to the possible harmful effects on the foetus of hyperventilation during anaesthesia for operative obstetrics.
Experimental evidence from studies in the sheep have indicated the possible deleterious effects of maternal hypocapnia and alkalosis on the foetus (Motoyama et al., 1966) . As hyperventilation is commonly used during anaesthesia for Caesarean section, it is important to determine whether the resultant acid-base changes can adversely affect the baby. Coleman (1967) , reporting blood-gas changes in eighteen patients undergoing Caesarean section, concluded that marked maternal hypocapnia was without harmful effect upon the infants. However, three of the eighteen babies had a pH below 7.20, a figure commonly accepted as the lowest limit of normality (Saling, 1964) .
If maternal alkalosis can produce foetal acidosis, then this cannot be explained by simple gas transfer across the placenta, because one would expect the foetal acid-base status to move in the same direction as that of the mother. Therefore, some other mechanism probably involving the placental circulation must be implicated. It is well established that alkalosis and hyperventilation can affect the central haemodynamics by reducing cardiac output (Theye, Milde and Michenfelder, 1966; Prys-Roberts et al., 1967 ) and this could be a possible cause of foetal hypoxia. In relation to these problems, two series of patients have been studied. In the first, the effects of hyperventilation on cardiac output immediately following Caesarean section have been measured. In the second. the changes occurring during Caesarean section in maternal blood gases and pH have been correlated with the acid-base status of the foetus at birth.
METHODS

Cardiac output studies.
In all, eight patients were investigated, cardiac output and other haemodynamic parameters being measured throughout Caesarean section. A full explanation of the investigation was given to each patient and her free consent was obtained. The methodology and the results before, during and immediately following delivery have been described elsewhere (Lees et al., 1968) . Once the abdomen had been closed, we continued to measure these parameters while altering the dynamics of respiration Briefly, cardiac output was measured by the dye-dilution method using indocyanine green, an arterial catheter, a Waters 302 cuvette and densitometer. The method has been shown to have an error of less than 6 per cent, provided that all the necessary precautions are taken (Taylor, 1966) . Arterial and central venous blood pressure were measured with either Statham strain gauges (type G24d) or Sanborn pressure transducers (type 267B) and heart rate by continuous electrocardiogram, all recordings being made on multi-channel recorders, either NEP ultraviolet or Sanborn (type 7700).
Respiration was controlled throughout Caesarean section using a Cape-Waine ventilator. A tidal volume of 600 ml with a respiratory rate of 20 b.p.m. was used, resulting in an inspiratory pressure of 10-15 mm Hg. Patients were anaesthetized with 250 mg of thiopentone followed by nitrous oxide and oxygen (3:1 l./min in a^circle system with absorber), paralysis being maintained with intermittent injections of suxamethonium. By the time the abdomen was closed all patients were moderately alkalotic.
Four estimations of cardiac output were taken at 12-minute intervals as a control. Following this the inspiratory pressure was raised to 30 mm Hg for 8 minutes, then a negative pressure phase of -5 mm Hg during expiration was added for 3 minutes. After this the control respiratory pattern with an inspiratory pressure of 15 mm Hg was recommenced until spontaneous respiration was re-established, usually within 2 minutes. During each of these four periods two to three estimations of cardiac output were made, arterial and central venous pressures and heart rate being recorded continuously throughout.
Blood-gas studies.
Twenty-two additional patients were studied, nineteen undergoing elective and three emergency Caesarean section (none of the latter being for foetal distress). Anaesthesia was the same as in the cardiac output series.
Maternal Pa C02 and pH were measured using capillary blood, samples being taken from a digit just before induction of anaesthesia and at the time of delivery. The umbilical cord was clamped in two places at birth, blood gases and pH being determined from umbilical vein blood. Radiometer blood-gas apparatus was used for all determinations, which were carried out within a few minutes of sampling.
The condition of the infants at birth was assessed by the attending paediatrician, the time taken to sustained respiration being noted. Apgar rating was not attempted as it is our practice to intubate the trachea and give oxygen by intermittent positive pressure to any baby not breathing 2 minutes after delivery. This can rapidly convert a low Apgar rating to a high one. Four infants were resuscitated in this way, and in each case spontaneous respiration began within a few minutes of intubation (see table II for details). 6.24
RESULTS
Cardiac output.
The circulatory effects of varying the respiratory pressures are given in table I.
It will be seen that the use of higher inflationary pressures reduced cardiac output in most cases ( fig. 1) , and this reduction was as much as 50 per cent. The introduction of a negative pressure phase did not reverse this tendency in seven of the eight cases and in the other the reversal was only partial. The mean arterial pressure fell in two cases during the period of hyperventilation, but was unaffected in the others (fig. 2) . The heart rate did not change in any consistent way (fig. 3) . The initial fall in output at the start of hyperventilation was very rapid, having occurred in all but two cases in 4 minutes. 
Blood-gas studies.
The results are shown in table II. As found in many previous studies during advanced pregnancy, all our patients showed considerable respiratory alkalosis prior to operation. It was extremely difficult in many cases to lower the Pa 002 in the time available from induction to delivery, and patients showing extreme degrees of alkalosis were not seen. Moreover, it was not possible always to predict which case would become alkalotic, hyperventilated patients (i.e. those receiving a minute volume in excess of 12 l./min) often showing little reduction in Pa 0 o 2 . Most of the patients who were not actively hyperventilated in fact showed a rise in Pa C o«.
Analysis of the results indicate that the foetal acid-base balance moved in the same direction as the mother. Four of the twenty-four babies (Case Nos. 6, 7, 10, 17) were intubated due to apnoea 2 minutes after birth. The pH of the umbilical vein blood at birth was not lower than 7.25 in any of these babies and such levels are not indicative of foetal hypoxia.
When the changes in maternal Pa 0 o 2 and pH from induction to delivery are plotted against umbilical vein pH (figs. 4 and 5), it is seen that mothers becoming hypocapnic have babies with a relatively high pH and conversely maternal hypercapnia is associated with a low pH in the neonate. These correlations are statistically significant. 
DISCUSSION
An anaesthetic sequence of thiopentone, nitrous oxide and oxygen with muscle relaxants and intermittent positive pressure ventilation is commonly employed for Caesarean section. As hyperventilation is often used, it is important to determine whether or not this technique can be harmful to the foetus. It is difficult to understand how maternal respiratory alkalosis itself could cause a reverse shift, i.e. towards acidosis in the foetus. Our results show that, provided the change in maternal acid-base status is not too excessive, the foetal blood-gases move in the same direction. This is in agreement with the results obtained by Moya and associates (1965) . These workers, however, did notice that extreme alkalosis in the mother was associated with foetal acidosis and they considered that falls in maternal Pa C02 below 17 mm Hg could cause a reduction in uterine blood flow. Coleman (1967) did not find any clinically harmful effects from severe maternal alkalosis, but it is perhaps significant that in three of eighteen babies the umbilical vein blood pH was below 7.20, a figure generally considered to indicate foetal hypoxia. The maternal Pa C02 in these three cases were 10, 11 and 15 mm Hg. If severe maternal alkalosis can cause foetal hypoxia, then it seems likely that this is mediated in part through central circulatory changes causing a reduction in the placental blood flow. Hyperventilation can reduce cardiac output both by producing alkalosis and by using excessively high intrapulmonary positive pressures. In our own cases, the latter cause seems to have been responsible for the initial reduction in cardiac output seen when changing from moderate to high positive pressure respiration, because the changes occurred with considerable rapidity whereas alkalosis would take rather longer to appear.
It is well known that at term the cardiac output is elevated above normal non-pregnant levels (Hytten and Leitch, 1964; Lees et al., 1967a) . Many patients have a considerable reduction in cardiac output when lying supine due to inferior vena caval occlusion (Lees et al., 1967b) , but in the great majority of cases little harm results to the foetus. While foetal distress can sometimes be detected (Scott, 1968) , interference with placental circulation would appear to require a particularly large reduction in cardiac output. Hyperventiladon alone is unlikely to cause such a reduction, but could do so if there was already a reduction due to other causes, e.g. inferior vena caval occlusion.
One of the surprising results of our study was the difficulty experienced in lowering the maternal Pa C02 -This confirms the experience of Moya and associates (1965) .
We are encouraged by the fact that the acidbase status of the neonates in the present series moved in the same direction as does that of the mother, to believe that moderate maternal alkalosis is of no consequence to the foetus. We could not, therefore, confirm in the human the results obtained by Motoyama and associates (1966) in the sheep. This is not to say, however, that gross alkalosis could not have bad effects and there is no practical benefit in producing this degree of hypocapnia.
In spite of the possible dangers of hyperventilation, it must be admitted that from clinical experience the method is apparently free from deleterious effects on the infants. Like the series of Coleman (1967) , all our babies did well in the early neonatal period. This may well be due to the fact that any adverse effects were not operating for a sufficiently long time to produce irreversible foetal anoxia. The mean time from induction to delivery was only 13 min (range 8-18 min) and the period of alkalosis would be rather less than this.
Light general anaesthesia with controlled ventilation is a safe and useful method of anaesthesia for Caesarean section provided: (a) excessive inflationary pressures are avoided; (b) Pa C o 2 does not fall below 20 mm Hg; (c) delivery is not unduly delayed; (d) 
